Abstract Aims/hypothesis: The aim of this study was to evaluate the risk of adverse cardiovascular outcomes in patients with type 2 diabetes newly treated with sulfonylureas and metformin. Subjects and methods: The Diabetes Audit and Research in Tayside Scotland (DARTS) diabetes information system and the Medicines Monitoring Unit (MEMO) dispensed prescribing database for the population of Tayside, Scotland (400,000 people) were employed. Patients newly prescribed with oral hypoglycaemic agents between 1994 and 2001 were classified into five study cohorts according to the treatment received: metformin only, sulfonylureas only, sulfonylureas added to metformin, metformin added to sulfonylureas, and both drugs simultaneously. In Cox regression analyses, we estimated relative risks for all-cause mortality, cardiovascular mortality and cardiovascular hospital admission for patients in the five study cohorts, with metformin monotherapy as the reference group. Results: Of the 5,730 study patients, 1,000 died during a maximum of 8 years follow-up. Patients in the sulfonylureas only cohort had increased risks of mortality and cardiovascular mortality, with unadjusted relative risks of 3.12 (95% CI 2.54-3.84) and 3.71 (95% CI 2.64-5.22), respectively. After adjusting for differences between groups (age, sex, duration of diabetes, blood pressure, cholesterol, HbA 1c , smoking, previous hospital admission, treatment with cardiovascular medication), these relative risks were 1.43 (95% CI 1.15-1.77) and 1.70 (95% CI 1.18-2.45), respectively. Patients in the combination cohorts had significantly increased risks of cardiovascular hospital admission, as well as increased risks of mortality and cardiovascular mortality. Conclusions/interpretation: In this cohort study of patients newly treated with oral hypoglycaemic agents, those treated with sulfonylureas only, or combinations of sulfonylureas and metformin, were at higher risk of adverse cardiovascular outcomes than those treated with metformin alone.
Introduction
A Canadian study recently re-ignited the debate over the cardiovascular effects of oral hypoglycaemic agents (OHAs) [1] . Using routine datasets that included 1,150 users of metformin therapy and 3,033 users of sulfonylureas, this observational study identified a decreased risk of mortality and cardiovascular mortality with metformin therapy [1] . Could this indicate a cardiotoxic effect of sulfonylurea therapy? Sulfonylureas are at the core of pharmacotherapy in type 2 diabetes. Up to a third of all patients are prescribed sulfonylureas at some point (although metformin is usually the first drug of choice in overweight and obese patients).
The safety of sulfonylureas in type 2 diabetes has been an ongoing issue since the results of the University Group Diabetes Program (UGDP) were published over 30 years ago. The increased risk of cardiovascular mortality associated with the sulfonylurea tolbutamide led to its withdrawal in the United States, although the results of the UGDP study have been much criticised [2] . It has been suggested that sulfonylureas have a direct deleterious effect on the heart but this is outweighed by the beneficial effects mediated by their metabolic action [3] .
In the United Kingdom Prospective Diabetes Study (UKPDS), a trial designed to compare different therapies in type 2 diabetes, no adverse effect of sulfonylureas on cardiovascular outcomes was noted [4] . However, the lack of a beneficial effect of sulfonylureas on macrovascular outcomes, despite improved glycaemic control and a reduced risk of microvascular outcomes, could be inferred as further evidence of direct cardiovascular toxicity. The complicated analysis strategy in the UKPDS makes interpretations difficult [5] . Another worrying result was a 96% increase in diabetes-related deaths in sulfonylureatreated patients with addition of metformin [6] . Observational studies have shown increased risks associated with a combination of metformin and sulfonylureas, but have been unable to account fully for underlying differences between patients in different therapy groups [7, 8] . In contrast, a more recent study found no increased risk of mortality among patients who were prescribed sulfonylureas and metformin in combination, compared with those prescribed either drug as monotherapy [9] .
We have carried out a retrospective cohort study to test the hypothesis that, compared with new users of metformin, new users of sulfonylureas are at no increased risk of cardiovascular outcomes. Because patients in different therapy groups are likely to have different underlying risks of morbidity and mortality, we used detailed clinical information on patients to adjust for potential confounding factors between cohorts.
Subjects and methods
We used the data resources of the Diabetes Audit and Research in Tayside, Scotland (DARTS) / the Medicines Monitoring Unit (MEMO) Collaboration for this study [10, 11] . This collaboration has developed the record linkage of multiple, routinely collected data sets in the population of Tayside (approximately 400,000 people). The UK National Health Service (NHS) provides healthcare to virtually all residents of Tayside. Record linkage is enabled by the use of a unique ten-digit identifier (known as the Community Health Index Number or CHI) allocated to residents when they register with an NHS general practitioner, which is then anonymised for record linkage research.
The MEMO dataset [10] contains computerised patientspecific data on every prescription dispensed in Tayside from January 1993. A record of every prescription for metformin and sulfonylureas dispensed to patients with diabetes is contained within MEMO, with details of drug name, dose, date of prescription and prescribed regimen. Data on all other prescriptions dispensed to diabetic patients (insulin, cardiovascular medication) are also available.
The DARTS dataset contains detailed clinical information on every patient diagnosed with diabetes in Tayside from January 1993 [11] . Data collection for this dataset includes collation and validation of routine data, and ongoing retrieval of information directly from medical records in primary care by a dedicated team of research nurses. Clinical information is collected according to the national clinical dataset for the care of diabetic people in Scotland, and includes diabetes type, date of diagnosis, duration, therapy, HbA 1c , presence (and date) of microvascular and macrovascular diabetic complications and cardiovascular risk factors (BMI, smoking and blood pressure).
Using the DARTS database, we identified all Tayside residents who were diagnosed with type 2 diabetes prior to December 2001. This did not include patients who were diagnosed under the age of 35 years and had a requirement for insulin within 90 days, and were therefore defined as patients with type 1 diabetes. We then identified all those who were newly treated with OHAs during the study period (January 1994 to December 2001). Patients with records of OHA prescriptions in 1993 were ineligible as they were not new OHA users during the study period. We also excluded patients who were prescribed insulin either before or within 90 days of their first OHA prescription.
Five cohorts were defined:
1. Metformin monotherapy: patients treated with metformin only throughout the study period, or those treated with metformin with sulfonylureas added later (at which point they were censored). Their index date was the date of their first metformin prescription. 2. Sulfonylureas monotherapy: patients treated with sulfonylureas only throughout the study period, or those treated with sulfonylureas with metformin added later (at which point they were censored). Their index date was the date of their first sulfonylureas prescription. 3. Combination 1: patients treated with metformin with sulfonylureas added later. Their index date was the date of their first sulfonylureas prescription. 4. Combination 2: patients treated with sulfonylureas with metformin added later. Their index date was the date of their first metformin prescription. 5. Both: treatment with both sulfonylureas and metformin on the same day. Their index date was the date of their first prescription for both.
The patients were followed prospectively from their index date until censoring, death or the end of the study period. The primary outcome measures were all-cause mortality, cardiovascular mortality and hospital admission where the primary diagnosis code was for a cardiovascular diagnosis. Mortality was ascertained from death certification records from the Registrar General with cause of death coded according to International Classification of Diseases, 9th and 10th revisions (ICD-9/10) [12, 13] . If there was any ICD-9/10 code for cardiovascular disease in the underlying cause of death field on the death certificate, this was defined as a cardiovascular death. Hospital admissions were ascertained from Scottish Morbidity Record 1 data. These are computerised records of all hospital admissions of Tayside residents with ICD-9/10 diagnostic codes, in which there are up to six diagnosis codes. If the primary diagnosis code was a code for cardiovascular disease, this was defined as a cardiovascular admission.
We compared survival between cohorts using KaplanMeier survival plots. Cox regression analyses were carried out to estimate the relative risks of each outcome for patients in the study cohorts (with the metformin monotherapy cohort as the reference group). Survival times were censored if patients left Tayside, or at the end of the study period. Where cardiovascular admission was the outcome variable, deaths were treated as censored observations.
The following confounding variables were investigated: sex, duration of diabetes at index date, age at index date, Carstairs deprivation category (an area-based measure of material deprivation [14] ), and whether patients had a previous cardiovascular admission between 1980 and their index date. The first record of smoking status that was available after the index date was noted. Average BMI, blood pressure, HbA 1c and cholesterol were determined from records that were available for the duration of the study period. For each cohort, we also determined the proportion of patients who had received prescriptions for any of four drug types: aspirin, statins, beta-adrenoceptor blocking drugs (beta-blockers) and ACE inhibitors or angiotensin-II receptor antagonists (AIIRAs). Continuous covariates were categorised into quartile groups where appropriate. Patients with missing values were assigned to separate categories. Covariates were included in the final models if they were individually statistically significant (p<0.05), or known risk factors for cardiovascular events.
Results
In the Tayside region, 6,089 patients with type 2 diabetes were newly prescribed with OHAs during the study period. Of these, 196 were excluded as they were prescribed insulin either before or just after their first OHA prescription. Of the remaining 5,893 patients, 5,730 with full demographic and clinical information were available for analysis.
The metformin monotherapy cohort comprised 2,286 patients, of which 985 were later prescribed sulfonylureas. Of the 3,331 patients in the sulfonylureas monotherapy cohort, 1,252 were later prescribed metformin. Therefore, there were 985 and 1,252 patients in the two combination cohorts, denoted as Combination 1 and 2, respectively. There were 113 patients who were treated with both drugs initially. The demographic characteristics and cardiovascular risk factors of patients in the five study cohorts are presented in Table 1 . Patients in the sulfonylureas monotherapy cohort had the highest mean age, and this cohort had highest proportion of males.
There were 1,000 deaths during the study period, of which 411 were defined as primary cardiovascular mortality. In total, 1,033 patients were admitted to hospital during the study period with an ICD-9/10 code for a cardiovascular diagnosis as the primary diagnosis code. The number of patients in each study cohort who had these outcomes are presented in Table 2 , with unadjusted risk ratios. We found that 4.7% of patients in the metformin monotherapy cohort died (35.5% cardiovascular deaths), compared with 17.9% of patients in the sulfonylureas monotherapy cohort (42.4% cardiovascular deaths). Figure 1 shows cumulative mortality (1-survival) derived from Kaplan-Meier survival curves for patients in the five cohorts. Patients in the sulfonylureas monotherapy cohort had at least three times the risk of mortality and cardiovascular mortality compared with patients in the metformin monotherapy cohort, but no significant increased risk of cardiovascular hospital admission. Patients in the combination cohorts were at increased risk of mortality, cardiovascular mortality and cardiovascular hospital admission. Table 3 presents risk ratios for these outcomes, adjusted for all confounding factors. The only covariate not to be included in the final model was Carstairs deprivation category. Patients in the sulfonylureas monotherapy cohort had an increased risk of mortality and cardiovascular mortality compared with the metformin monotherapy cohort, even after adjusting for demographic and clinical differences between the groups, but no significant increased risk of cardiovascular hospital admission. Adjusted risks for mortality and cardiovascular mortality were lower than unadjusted risks, suggesting that the baseline differences between the groups were partially due to differences in the distribution of underlying confounding factors. Patients in the combination cohorts had even higher risks of mortality, cardiovascular mortality and cardiovascular hospital admission, compared with the metformin monotherapy cohort, although the adjusted risks were higher than the unadjusted risks.
The risks of mortality and cardiovascular mortality both increased with increasing age, with females at a slightly reduced risk. Patients who had a previous cardiovascular admission were also at increased risk, and ex-or never smokers were at lower risk than current smokers. Patients in the highest quartile of diastolic blood pressure had a slightly higher risk (although this was not statistically significant), but this was not evident for systolic blood pressure. There was evidence of trends for increased risk with increasing diabetes duration, but decreasing BMI and HbA 1c . Patients for whom data were unavailable were also at high risk. The risk of cardiovascular hospital admission differed somewhat from the other outcomes. There seemed to be decreasing risk with increasing blood pressure and cholesterol, and increased risk with increasing BMI and HbA 1c . Adjusted risk ratios for cardiovascular hospital admission were higher than unadjusted risk ratios.
Use of any of the drug types was associated with increased hospital admission. There was a reduced risk of mortality and cardiovascular mortality in statin users, but an increased risk of cardiovascular mortality associated with aspirin use. Patients who used ACE inhibitors or AIIRAs had a reduced risk of mortality.
During the follow-up period, 565 patients commenced insulin treatment. However, the adjusted risk ratios for this Table 2 The 5-year survival rates and unadjusted risk ratios (with 95% CIs) for mortality, cardiovascular mortality and hospital admission for the patients in the study cohorts group were not different from those for the overall study population (results not shown). 1,947 patients received routine diabetes care in hospital clinics. Results for this group were not different from those for patients treated in primary care (results not shown).
Discussion
In this study, patients with type 2 diabetes who were newly treated with sulfonylureas were at higher risk of mortality and cardiovascular mortality than those who were newly treated with metformin, although there was no increased risk of cardiovascular hospital admission. The adjusted risk ratios were 1.43 (95% CI 1.15-1.17) and 1.70 (95% CI 1.18-2.45) for mortality and cardiovascular mortality, respectively. Our study is consistent with earlier studies that found patients treated with metformin were at lower cardiovascular risk but were unable to adjust for cardiovascular risk at baseline [1] . For example, the risk ratio for overall mortality for patients treated with metformin compared with sulfonylureas was 0.60 (95% CI 0.48-0.74) in the Canadian study [1] . The key issue is whether this increased risk is the result of drug therapy, or whether patients prescribed sulfonylureas have a higher baseline cardiovascular risk than those in the monotherapy cohort. Severity of diabetes will clearly influence initial drug choice. This was indeed suggested by increased mean age and duration of diabetes in the sulfonylureas monotherapy cohort, and a higher proportion of males, patients with a previous cardiovascular hospital admission and aspirin users. As expected, patients in the sulfonylureas cohort had a lower BMI than those in the metformin cohort. However, the study suggests that sulfonylureas cannot always be used as recommended given that the mean BMI in this cohort was above 25 kg/m 2 . Adjustment for all potential confounding variables (including BMI) resulted in reduced risk estimates, but patients in the sulfonylureas monotherapy cohort were still at higher risk of mortality and cardiovascular mortality than those in the metformin cohort. These increased risks were observed for all patients, regardless of location of care.
Patients in the combination cohorts had even higher risks of mortality and cardiovascular mortality compared with those in the metformin cohort, even after adjusting for underlying differences between groups. Combination cohort patients also had an increased risk of cardiovascular hospital admission. These results conflict with those from a previous study that, using the UK General Practice Research Database [9] , found no increased risk of mortality in combination cohorts compared with patients prescribed drugs singly. However, it is important to recognise that these cohorts represent a heterogeneous mix of patients, with widely varying levels of exposure to sulfonylureas and metformin. It is also possible that prescribing practice may have changed over time, with patients now more likely to be prescribed metformin or combination therapy at an earlier stage of disease than previously, therefore overestimating the risk associated with sulfonylureas in the later years of the study. However, we did not find evidence of such changing practice in our data, with mean duration of diabetes remaining similar for each cohort throughout the years of the study.
The most important question is whether we have adequately adjusted for differences in underlying cardiovascular risk between cohorts. Adjustment for a wide range of potential confounding variables was made, including age, sex, BMI, blood pressure, cholesterol, duration of diabetes, smoking, HbA 1c and, very importantly, previous cardiovascular admission. As expected, current smoking, previous cardiovascular admission, increasing age and increasing cholesterol levels were all significant predictors of mortality and cardiovascular mortality, thereby providing evidence for the validity of our study. Patients for whom smoking status and cholesterol were unknown were also at increased risk. This is plausible if such patients were not regularly attending clinics and clinical data were therefore incomplete. The inconsistent results for blood pressure are more difficult to explain, although there is some evidence of increased risk among patients with the highest diastolic blood pressure. Patients taking statins were at reduced risk. The risk factors for cardiovascular hospital admission were different from those for the other outcomes. For example, use of any of the drug types was associated with increased hospital admission; perhaps reflecting a lower threshold for admission in patients already taking cardiovascular medication. Patients with a higher BMI or HbA 1c were also more likely to be admitted. An important caveat is that cardiovascular hospital admission is probably the least reliable of the three outcomes, with many selective factors likely to determine whether patients are admitted to hospital and whether they are assigned a primary cardiovascular diagnosis code. In contrast, mortality was ascertained from a validated national database.
It has been argued [15] that the results of the Canadian study [1] might support a cardioprotective effect of metformin rather than an increased cardiovascular risk among users of sulfonylureas, possibly derived from unrecognised differences between therapy groups (there was very little clinical information available for patients [15] ). It is therefore important to note that the risks associated with sulfonylureas in our study are in line with what would be expected in a diabetic population, despite being higher than those for the metformin cohort. All-cause mortality of 28% and cardiovascular mortality of 12% over a seven-year follow-up are comparable with 24% and 11% over 5 years in the Canadian study, and 3% per year among middle-aged Finnish men [16] . This is consistent with the theory that it may be metformin that is cardioprotective [15] (rather than sulfonylureas being cardiotoxic). The absolute risk of mortality is surprisingly low in the metformin cohort (8% over 7 years), and the proportion of cardiovascular deaths is less; thus, our study does provide some supporting evidence for this theory.
We carried out this study using well-validated data sources. Identification of study cohorts relied upon records of prescriptions dispensed, and identification of study outcomes relied upon national datasets. We are confident in the accuracy of the data, whilst acknowledging the difficulties of ascertaining (and adjusting for) cardiovascular risk using routine data sources. We also acknowledge the limitation of observational research, in that there can be no control for underlying differences between study cohorts. However, while it is possible that increased risks in the sulfonylureas monotherapy cohort and combination cohort are due to residual confounding or other unknown differences at baseline, the consistently higher risks that we have identified, with results that are similar to previous studies [1] , suggest that this issue does warrant further investigation. But, as Sasali and Leahy argue [15] , we are not yet in a position to advocate cautious prescribing of sulfonylureas to patients at high cardiovascular risk until further corroborating evidence is available.
